Introduction
Medical malpractice cases in Taiwan, such as a 2002 injection error incident at Bei Cheng Hospital and medication error incident at Chung Ai Hospital, highlight patient safety issues in this country (Taiwan Joint Commission on Hospital Accreditation [TJCHA], 2010) . Patient safety is defined as the absence of preventable harm to a patient during the process of healthcare. Patient safety represents a coordinated effort to prevent harm attributable to the healthcare process (World Health Organization, 2010) . Dr. Jesper Poulsen was estimated by the studies of different countries that the number of deaths caused by the unfavorable medical events in Taiwan was 6,000-20,000 per year (TJCHA, 2010) . To minimize the occurrence of such incidents, the Department of Health established the Patient Safety Committee in February 2003 as a collaborative effort to establish patient safety goals. Since then, the JCHA has developed medical operation safety guidelines for hospitals. Unfortunately, these guidelines do not specify the level of workforce necessary for implementation.
Many studies define nurse workload using working hours or patient-nurse ratio (Baumann, 2007; Gaudine, 2000; Healthcare Financial Management Association [HFMA], 2010; Needleman & Buerhaus, 2003) . The American Nurses Association(ANA)'s Donabedian structure, process, and outcomes model offers a comprehensive method of evaluating healthcare quality (ANA, 2007) . Nurse-sensitive indicators reflect the structure, process, and outcomes of nursing care. Patient outcomes are considered nurse sensitive if they improve because of increased levels (quantity or quality) of nursing care (ANA, 2010b) . Many researchers have reported higher levels of adverse patient events, for example, hospital-related mortality, medication errors, unplanned extubation, hospital-acquired pneumonia, and urinary tract infections (UTIs), during times when staff levels are low. Adverse events have been particularly associated with factors such as nurse overtime and patient-nurse ratios (Agency for Healthcare Research and Quality, 2007; HFMA, 2010; Kane, Shamliyan, Mueller, Duval, & Wilt, 2007; Rogers, Hwang, Scott, Aiken, & Dinges, 2004; Stone et al., 2007) . Rothberg, Abraham, Lindenauer, and Rose (2005) considered that, as a patient safety intervention, improved nurse staffing has a cost effectiveness that falls comfortably within the range of other widely accepted interventions.
Although Taiwan's National Health Insurance is convenient for citizens, rising medical service costs have caused considerable financial burdens. Hospitals must reduce expenses. Personnel costs are the largest component of costcontrol models used by hospital management authorities. As nurses generally account for one third of total hospital staff, cost reduction strategies adopted by most hospitals have focused on reducing either nursing staff numbers or nurse salaries. Increased workloads and salary cuts have resulted in high turnover rates at Taiwanese hospitals, which ultimately contribute to greater frequencies of medical accidents. This poses a serious threat to nursing quality and overall patient safety.
The Institute of Medicine in the United States confirmed that nursing practices make valuable contributions to patient health (Institute of Medicine, 1996) . The policy statement ''principles on safe nurse staffing'' of the ANA (ANA, 2009) points out that determination of appropriate staffing must depend not only on the afford ability of the patient but also on factors including intensity of patient illness; contextual issues, including the environment and available technology; and the patient's physical and psychosocial condition. Because of extreme workplace pressure, medical institutions have experienced increased new employee turnover rates. For example, the turnover rate at the National Taiwan University Hospital in 2003 was 7.1% overall and 19.8% for newly employed (G1 year) nurses (Huang, 2004) . The average turnover rate of nurses after 1 year of service nationwide was 28.02%; the Taipei Nurses Association reported a rate of 21.2% (Sun, 2005) . For other hospitals outside Taipei City, turnover rates (for both public and private hospitals) were even higher.
This study investigated the workload of nurses in medical institutions and assessed the association between workload and nurse-sensitive patient safety outcome indicators. These results may serve as a reference for health authorities working to establish guidelines for medical institutions and make nursing personnel policies. Figure 1 shows the research framework.
Methods

Participants
This cross-sectional quantitative study targeted the 78,673 members of the Taiwan Province Union of Nurses Associations, power set at p = .05, the number of subjects required in accordance with the formula N = z 2 Âpð1ÀpÞ d 2 ðNÀ1Þþz 2 Âpð1ÀpÞ = 1,053 p = .05; N = 78,673; ! = .025; d = .03; z .025 = 1.96, and 1.91% members were randomly chosen from the nurses' associations of 21 counties or cities across Taiwan. Participants entered information into the ''nurse workload and nurse-sensitive safety outcome indicators'' logbook over a 2-week period. One thousand five hundred logbooks were distributed, 1,373 were retrieved, and 1,358 were valid (valid response rate: 90.5%).
Instruments
The logbook was purposely designed for this study based on logbooks used in previous studies (Rogers et al., 2004) . It gathered data on (a) respondent demographic data and workrelated variables including gender, marital status, education, position, nursing experience, ward or unit of service, and work shift type; (b) workload, including shift hours, actual working hours, whether overtime work was paid (with explanations), number of patients being cared for, number of patients in the unit, and number of nurses in each unit; and (c) eight nurse-sensitive patient safety outcome indicators compiled from previous studies including patient falls, decubitus/pressure Figure 1 . Conceptual framework of the current study. VOL. 20, NO. 4, DECEMBER 2012 ulcers, near errors in medication or missing medications, medication errors, failure to rescue, accidental tube removal or unplanned extubation, hospital-acquired pneumonia, and hospital-acquired UTI.
Content validity was confirmed by six experts who were all presidents of county or city nurse associations. Each had more than 15 years of clinical experience; five held a master's degree and one held a doctoral degree. The average content validity index was .96. All items in the logbook and the logbook format were pilot-tested at a district hospital by 30 nurses before the study began. Although logbooks are not often used to collect information about medical errors, there is some evidence that daily, anonymous, end-of-shift reporting of events in a logbook is a valid approach to ascertain their nature and prevalence (Rogers et al., 2004) . The data collection period began on December 1, 2008, and ended on February 28, 2009.
Ethical Considerations
The institutional review board at the Mennonite Christian Hospital approved this study. Approval was also granted by the nursing association presidents in the 21 counties or cities from which participants were randomly selected. In addition, all participants signed consent forms, and each received NTD-300 coupons redeemable at 7-11 for their participation.
Data Analysis
SPSS 10.0 for Windows (traditional Chinese software suite, IBM Taiwan Inc., Taipei, Taiwan) encoded, organized, and analyzed data. Durations of scheduled and actual work hours per shift were calculated and aggregated per nurse for the 2-week period. Shift duration was defined as 8 hours. The binary response for occurrence(s) of an event related to eight nurse-sensitive patient safety outcome indicators during a worked shift was used as the primary analysis outcome. The secondary outcome was ''near miss'' events, meaning that the respondent purposely stopped himself or herself before one of the safety outcome indicators occurred while on shift duty. Descriptive statistics, comprising mean values, standard deviations, and percentages described participant characteristics, shift hours, actual working hours, overtime hours, number of patients cared for, and number of events. Inferential statistics, comprising the Spearman correlation and odds ratio analysis, determined associations between nurse-sensitive patient outcome indicators and nurse workload. To increase sample size, we applied the ''exclude observations by analysis'' method rather than the ''exclude cases list-wise'' method to missing values. The odds ratio used in this experiment was odds ratio = [odds in favor of nurse-sensitive patient outcome indicators group] / [odds in favor of patient-nurse ratio group]. Multiple logistic regression analysis was used to investigate multivariate adjusted odds ratios for nurse-sensitive patient safety outcome indicators. Significance was indicated by a p value of G.05 in two-sided tests. Table 1 shows patient demographics. Participants were mostly women (99.4%). Mean age was 29.91 years (SD = 5.76 years; range = 19-56 years), with 60.7% between 21 and 30 years; slightly more than half were single (54.9%), 48.6% had received a junior college education, and 48.2% had earned an undergraduate degree. In terms of clinical ladder, 40.5% possessed N2 and 23.3% possessed N1; 86.7% held a registered nursing license. About three quarters were staff nurses (76.3%), and mean nursing experience was 8.49 years (SD = 5.69 years). Average time spent at the current hospital was 5.99 years (SD = 5.02 years). Almost half (44.8%) worked at metropolitan teaching hospitals and nearly one-fifth (18%) worked at academic medical centers. In terms of nursing experience, 46.3% worked in medical and surgery wards and 22.7% worked in intensive care units.
Results
Demographic Profiles of the Participants
Analysis of Nurse Workload
Shift hours, actual working hours, and overtime work Data on workload are provided in Tables 2 and 3 . One thousand three hundred fifty-eight valid logbooks were retrieved. Statistically valid data contained 12,895 work shifts and 6,050 off days. Mean scheduled hours were 8.09 (SD = 0.99) per day, whereas actual working hours were 8.90 (SD = 1.38) per day; each shift worked overtime for an average of 0.86 (SD = 0.98) hours per day. Further analysis of scheduled and actual working hours revealed that 7,777 (60.4%) shifts worked overtime for at least 30 minutes every day. Among participants working overtime, compensation was offered to only 673 (8.7%); moreover, this compensation was provided only when overtime work was attributable to patient needs or was formally assigned. For the remaining 7,104 (91.3%) shifts, overtime work was unpaid. The reasons for this included hospital rules (1,807, 23.2% shifts), overtime unrelated to nursing work (1,222, 15.7% shifts), lack of willingness to apply for overtime hours (910, 11.7% shifts), or overtime as a consequence of inefficiency (959, 12.3% shifts). Other reasons included that nursing work was considered as a responsibility system, patient condition changes, patient transfers in or out of the hospital, meetings or in-service education, and assistance to colleagues and new employees.
Patient-nurse ratio
In this study, the patient-nurse ratio refers to the average number of patients formally assigned per nurse. The mean patient-nurse ratio for all wards was 10.35 (SD = 6.92); psychiatric ward nurses had the highest ratio (17.83, SD = 12.66), and obstetrics and gynecology ward nurses had the lowest (7.21, SD = 5.79; Tables 4 and 5). The patient-nurse ratio varied significantly among special unit nurses. The outpatient ratio was 29.27 (SD = 24.95) in outpatient departments,
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.22 (SD = 17.54) in emergency rooms, and 2.81 (SD = 2.57) in intensive care units. The patient-nurse ratios was 8.72 (SD = 10.24) during day shifts and 10.93 (SD = 9.04) during night shifts. When we divided patient-nurse ratios into four patient number clusters (e7, 8-9, 10-11, and 911), the most prevalent was the 911 group (5,210 shifts, 40.4%; Tables 4 and 5). (Table 6 ).
Analysis of Nurse Workload and Nurse-Sensitive Patient Outcome Indicators
Nurse overtime and nurse-sensitive patient outcome indicators Using the Pearson product-moment correlation coefficient to analyze the relationship between the overtime working hours and nurse-sensitive indicators, we found a statistically significant positive association between overtime working hours and the following six indicators: patient falls (r = .037, p = .000), decubitus/pressure ulcers (r = .062, p = .000), near errors in medication (r = .036, p = .000), rescue failures (r = .028, p = .001), unplanned extubations (r = .028, p = .002), and UTI (r = .022, p = .013). Overtime hours were delineated into five groups: e0.5 hr, 0.5-1 hr, 1-2 hrs, 2-3 hrs, and Q3 hrs. Using the Spearman rank-order correlation coefficient to analyze the relationship between nurse overtime and nurse-sensitive indicators, we found a statistically significant positive association between the overtime working hours and the following six indicators: patient falls (r = .037, p = .000), decubitus/pressure ulcers (r = Note. UTI = urinary tract infection.
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.062, p = .000), near errors in medication (r = .036, p = .000), rescue failures (r = .028, p = .001), unplanned extubations (r = .028, p = .002), and UTIs (r = .022, p = .013; Table 7 ).
Patient-nurse ratio and nurse-sensitive patient outcome indicators
Logistic regression analysis of nurse-sensitive patient safety outcome indicators revealed that patient-nurse ratios of 911, 10-11, and 8-9 resulted in patient fall OR values of 5.14 (p = .004), 1.51 (p = .004), and 3.59 (p = .007) compared with that when the patient number was G7. The OR for patients who developed decubitus/pressure ulcers increased with the patient-nurse ratio; compared with the OR for patient-nurse ratio of e7, the OR was 1.72 (p = .000) when patient-nurse ratios were 8-9, 2.21 (p = .000) when 10-11, and 2.74 (p = .000) when 911. In comparison with the OR for unplanned extubation when the patient-nurse ratio was e7, the OR was 2.40 (p = .000) when patient-nurse ratios were 8-9, 3.57 (p = .000) when 10-11, and 5.58 (p = .000) when 911. In comparison with the OR for hospital-acquired pneumonia, when the patient-nurse ratio was G7, the OR was 1.60 (p = .000), 1.29 (p = .000), and 0.86 (p = .000), respectively, when patient-nurse ratios were 911, 10-11, and 8-9. For hospital-acquired UTI, the OR was 1.62 (p = .000), 1.38(p = .002), 1.05 (p = .002) when patient-nurse ratios were 911, 10-11, and 8-9 compared with when the patient-nurse ratio was e7. The remaining indicators (near errors in medication, medication errors, and rescue failure) did not differ significantly between groups (Table 8) .
Results were adjusted for education, clinic ladder, and institution as follows. For education, the category ''high school'' was used as the reference, with junior college, and undergraduate school was used as the indicator variable. For clinical ladder, the category ''N'' was used as the reference, and N1, N2, N3, and N4 were used as indicator variables. For institution, the category ''medical centers'' was used as the reference, with regional hospitals, and local hospitals were used as the indicator variable. In addition to group, education, clinical ladder, and institution were forced into the model to perform multiple logistic regression analyses.
Discussion
In the current study, actual working hours of nurses was 8.90 (SD = 1.38) hours per day. Results showed that 50.4% of participants worked overtime. The average day shift patientnurse ratio was 8.72 (SD = 10.24), and the average patientnurse ratio was 10.93 (SD = 9.04) for the night shift. The most frequent patient-nurse ratio group was 911 (5,210 shifts, 40.4%). These results show that Taiwanese nurses are overloaded in terms of both overtime and patient-nurse ratios. Overtime affects physiological factors such as fatigue and system variables such as increased work intensity. Fatigue coupled with increased work intensity may contribute to an increased risk of errors (Rogers et al., 2004) . The overtime and high patient-nurse ratios documented here suggest a link between poor working conditions and threats to patient safety. DeLucia, Ott, and Palmieri (2009) proposed that nurse overloading is caused by a shortage of nurses. There is no nurse shortage in Taiwan; however, out of a total of 218,702 licensed nurses in May 2010, only 129,622 (59.27%) were actually practicing (National Union of Nurses ' Associations, 2010) . This low practice rate supports the hypothesis that nurses avoid hospital work due to work overload and poor working conditions. Lin, Kao, and Cheng (2009) reported that the National Health Insurance implementation of its global budgeting system reduced government coverage of nurse salaries to 70%; individual hospitals must cover the remaining 30%. In response, medical institutions have cut nursing workforce to reduce costs, which has reduced nursing service quality. Medical institutions have continually reduced workforce, salaries, and benefits. This can only detract from the provision of excellent quality medical services, improved public health, and patient safety.
Our analysis found a strong association between nurse overtime and the three patient outcomes of falls, decubitus/ VOL. 20, NO. 4, DECEMBER 2012 pressure ulcers, and medication error near misses. Weaker associations were found with failure to rescue, unplanned extubation, and hospital-acquired UTI. Our results were similar to those of many other studies. Overtime work and insufficient break time directly affect the quality of nursing services and are the primary causes of dissatisfaction displayed toward nurses, increased medication errors, patient and family complaints, and patient falls (Agency for Healthcare Research and Quality, 2007; HFMA, 2007; Rogers et al., 2004; Stone et al., 2007; Zurn, Dolea, & Stilwell, 2005) . The ANA (2010a) released a statement that, regardless of the number of hours worked, each registered nurse has an ethical responsibility to carefully consider his or her level of fatigue when deciding to accept any assignment extending beyond the regularly scheduled work day or week, including mandatory or voluntary overtime assignments. 
The Journal of Nursing Research
Taiwan extended the terms of the Labor Standards Act to include nurses in 1998. Items 24 and 30 stipulate working hours and overtime payments (Labor Standards Act, 2009 ). However, this study indicated that 91.3% nurses who worked overtime did not receive compensation due to hospital rules. Hospitals stated that nursing work is based on a responsibility system and that attending meetings, participating in in-service education, and assisting colleagues and new employees cannot be considered overtime work. Whether these requirements violate the Labor Standards Act is an issue meriting discussion. However, local nurses' associations rarely receive complaints addressing this issue. We believe overtime work to be the primary cause of the high nurse turnover rate in Taiwan. Local nurses' associations and the National Union of Nurses' Associations should therefore work in conjunction to resolve issues related to nurse well-being.
The relationship between patient-nurse ratios and nursing outcomes is complex. The results of this study indicate patient falls, decubitus/pressure ulcers, unplanned extubation, and hospital-acquired pneumonia and UTI as positively correlated with patient-nurse ratios. Weaker associations were found for medication errors, medication error near misses, and rescue failure. Findings regarding the relationship between patientnurse ratios and patient outcomes were consistent with those of previous studies, in which an increase of one registered nurse per patient per day had a significant and measurable effect on decreasing hospital-acquired pneumonia, unplanned extubation, respiratory failure, and cardiac arrest risks McGillis et al., 2003; Needleman & Buerhaus, 2003; Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2001; Stanton, 2004; Stone et al., 2007) .
The patient-nurse ratio and quality of care in acute care hospitals are strongly correlated. Rothberg et al. (2005) applied cost-effect analysis using patient-nurse ratios to compare expenses related to patient death and length of hospital stay. Their results showed that optimal cost effectiveness was achieved at a patient-nurse ratio of 4:1. Therefore, the authors of the current article advocate increasing the patient-nurse ratio as the most effective strategy to maintain patient safety in healthcare.
Some patient outcomes were found more strongly related to other (nonnursing ratio) aspects of institutional care such as medical decision making and institutional policies. Additional research is thus recommended to better understand and control nurse-sensitive patient outcome indicators.
Conclusion
Our analysis provided evidence of a clear association between both working hours and patient-nurse ratios and certain nurse-sensitive patient outcomes. We found nurses in Taiwan to be overloaded in terms of both overtime and patient-nurse ratios. This has created our current situation in which Taiwan has an inadequate number of nurses working in hospitals despite having a sufficient number of licensed nursing professionals.
In conclusion, the nursing practice environment has not improved. Nursing jobs increasingly fail to attract young and gifted students, whereas senior nurses tend to retire early or even take their services abroad. Over the next 10 years, the exacerbated nursing shortage can be expected to continue the deterioration of the quality of nursing in hospitals, resulting in compromised patient safety. Currently, government, institutions, and society focus largely on patient safety and nursing quality, thereby increasing workloads to unacceptable levels and diminishing the appeal of clinical jobs for young people. Creation of a positive working environment, deployment of sufficient personnel, and retention of young nurses will provide the best guarantee of patient safety and nursing quality. Future research and policy makers should focus on making practical, positive improvements in the overall working environment for nurses.
Recommendations
Professional nursing organizations and suggested government policies Study results indicate that the patient-nurse ratio in hospital general acute care wards should not exceed 7:1. We strongly recommend the Department of Health to stipulate a maximum patient-nurse ratio for each of hospitals' three daily shifts as a basic requirement of medical institutions.
Professional nursing organizations should educate the public regarding the strong correlation between patient-nurse ratio and patient safety. The Taiwan Nurses Association and the National Union of Nurses' Association should make higher patient-nurse ratios at hospitals as a main thrust of their lobbying and education efforts.
Nursing administrators
1. Nursing administrators should reduce the physical and spiritual loads on basic nursing staff. 2. Nurse working hours should strictly follow the Labor Standards Act requirements. 3. Nursing leaders should assist nurses to raise objections to unreasonable hospital demands.
Primary nursing leaders and clinical nurses
1. Clinical nurses should possess sufficient competence. 2. Clinical nurses should report to and request assistance from the nursing administrator or local associations regarding unreasonable hospital demands that undermine their rights and interests.
Nursing researchers
Research on nursing workload and patient safety issues should be conducted in the various nursing domains to increase the scope and comprehensiveness of available data. Results may be referenced by professional nursing organizations seeking to plan and ensure adequate workforce.
Study Limitations
Owing to time limitations, we used a random sampling of Nurses' Union members to recruit participants rather than a VOL. 20, NO. 4, DECEMBER 2012 stratified sampling approach that considered patient illness severity. We were thus unable to explain correlations between the patient-nurse ratio and certain nurse-sensitive patient outcome indicators. Future studies should focus on nurses in different specializations and investigate correlations between the patient-nurse ratio and nurse-sensitive patient outcome indicators. VOL. 20, NO. 4, DECEMBER 2012 
